Gallbladder cancer, the most common of biliary tract cancer, is often diagnosed at an advanced stage with ensuing poor survival rates. Imaging may allow for earlier diagnosis, however there may be significant overlap with nonmalignant conditions of the gallbladder in early stages of cancer. In this pictorial essay, we use various examples to describe the utility of magnetic resonance imaging in the diagnosis and staging of gallbladder cancer, noting in particular the strengths and limitations of the imaging modality. The use of diffusionweighted imaging as an adjunct technique for diagnosis is also discussed.
gap between sections. Useful additional T2-weighted sequences are similar to those used to evaluate the biliary tree (magnetic resonance cholangiopancreatography [MRCP]) (Figs. 1 and 2): heavily T2-weighted fluid sensitive acquisition techniques such as half-fourier acquisition single-shot turbo spin echo (HASTE).
Although T1-weighted MRI of the gallbladder can be performed with spin-echo or breath-hold spoiled gradient-echo techniques, the latter are superior because they decrease respiratory artifacts. Dynamic contrast material-enhanced fat-suppressed T1-weighted MRI sequences improve the delineation of the gallbladder wall and bile ducts, and allow assessment of the liver parenchyma for tumor invasion and metastatic disease (10) . In addition, we routinely perform DWI using respiratory-triggered (navigator-echo technique) fat-suppressed single-shot echo planar imaging in the axial plane. Tri-directional diffusion gradients using three b values (0, 500, 1000 s/mm 2 ) are applied within a single acquisition. Parallel imaging with an acceleration factor of two is applied to shorten scan duration. Trace diffusion images are displayed for each b value acquired. Pixel-based apparent diffusion coefficient (ADC) maps are routinely generated to reduce false positives related to T2 shine through.
MRI features
In a series of 19 patients undergoing MRI, the predominant patterns of GBCA were of mass-forming and diffuse wall thickening (Figs. 1 and 2) (11). Schwartz et al. (12) showed that GBCA manifested at MRI as focal gallbladder wall thickening with an eccentric mass in 76% of cases. GBCA is typically T1 hypointense and T2 hyperintense compared with the surrounding liver parenchyma (Figs. 2 and 3 ). Concurrent presence of gallstones is common, and better demonstrated on MRI than on CT. GBCAs show enhancement after administration of gadolinium-based contrast material. Irrespective of configuration, GBCA typically shows early irregular contrast enhancement, which persists into delayed images. The sensitivity and specificity of MRI for a gallbladder lesion of 0.8 cm size and for the presence of gallbladder neoplasia was 100% (95% confidence interval [CI], 77%-100%) and 70% (95% CI, 35%-93%), respectively (13) .
Differential diagnoses
Perhaps the most challenging task for radiologists in imaging GBCA is its identification amongst many radiologically similar benign gallbladder pathologies. A variety of benign gallbladder pathologies may manifest as gallbladder polypoid lesions or wall thickening. Differentiation between these lesions and early GBCA requires prudence, appropriate imaging techniques, and familiarity with subtle differentiating features. Here, MRI holds its utmost superiority over other modalities.
Acute cholecystitis
Suggestive clinical findings, a distended gallbladder in the presence of a cystic duct or a gallbladder neck calculus, and the presence of pericholecystic fluid are important, but not omnipresent findings of acute cholecystitis (14, 15) . On HASTE images, the wall thickening in acute cholecystitis is typified by an ill-defined double-layered pattern; a broadened or interrupted hypointense inner layer (composed of mucosa and muscle) is surrounded by a thick hyperintense outer layer (composed of edematous stroma and serosa) ( Fig. 3) (16) . Gangrenous cholecystitis is complicated of ischemic necrosis of the gallbladder wall with the double-layered pattern replaced by a single irregular layer on imaging, mimicking GBCA (16) . Clinical correlation and presence of ancillary findings (e.g., pericholecystic free fluid) are vital. Rarely, GBCA and acute cholecystitis coexist due to their common association with calculous disease.
Chronic cholecystitis
The nonspecific and insidious clinical presentation of chronic cholecystitis makes its clinical differentiation from GBCA impossible. As with the acute form, chronic cholecystitis manifests as well-defined, double-layered wall thickening on imaging, with a thin hypointense inner layer and a thick hyperintense outer layered on HASTE images (16) . Enhancement of the inner layer in chronic cholecystitis is usually smooth and early, followed by delayed enhancement of the outer layer (Fig. 4) . Enhancement in GBCA is usually irregular, occurs early and remains prolonged (17, 18) . Hence, high resolution T2 and arterial phased contrast enhanced images are most useful in differentiating GBCA from inflammatory wall thickening. The late phases of enhancement are less useful, as delayed wall enhancement is present in both cholecystitis and GBCA (12) .
Xanthogranulomatous cholecystitis, an uncommon form of chronic cholecystitis, is notorious for mimicking GBCA, both clinically and on imaging (Fig. 5) . Its typical imaging features are mass-like wall thickening, local invasion and regional adenopathy. MRI findings of xanthogranulomatous cholecystitis include areas of iso-to mild hyperintensity on T2-weighted images, which show slight enhancement at early phase and strong enhancement at late phase on dynamic study, corresponding with areas of abundant xanthogranulomas. Areas with very high signal intensity on T2-weighted images without enhancement correspond to necrosis or abscess (Fig. 5) . Notwithstanding, preoperative differentiation between xanthogranulomatous cholecystitis and GBCA on imaging remains challenging.
Gallbladder adenomyomatosis
The "pearl necklace" on heavily T2 images, which indicates the presence of Rokitansky-Aschoff sinuses within the thickened gallbladder wall, was reported to carry high accuracy for gallbladder adenomyomatosis (19) . However, the true specificity of this sign has not been tested against GBCA. Hence, presence of regional intramural cystic spaces still warrants regular imaging follow-up.
Benign polyps
Small polyps are common incidental gallbladder lesions and larger ones can mimic polypoid GBCA. Small size (<1 cm), multiplicity, and stalked configuration favor benignity. Large size (>10 mm), rapid growth, sessile or wide-based configuration, long pedicles, patient age over 50, concurrent gallstones, and infundibular location favor malignancy (20, 21) . Malignant polypoid lesions typically demonstrate early and prolonged enhancement. In contrast, benign lesions demonstrate early enhancement with subsequent washout (22) .
Added value of functional MRI
DWI uses the ability of water molecules to diffuse freely in biological tissue. DWI has been studied extensively for its capability in differentiating malignant from benign diseases in various abdominal organs, including the gall bladder. In theory, GBCA, with its high cellularity, will exhibit significant diffusion restriction and appear hyperintense on high b value DWI and yield low ADC value.
Using the same imaging criteria, Sugita et al. (23) reported that DWI carried an ADC value of over 0.94, with mean sensitivity and specificity rates of 83.3% and 100%, respectively, for differentiating GBCA from benign entities (including chronic cholecystitis, adenomyomatosis, and polyps) by DWI (b=1000 s/mm 2 ) . In a study of 10 benign (three hyperplastic polyps and seven adenomas) and 13 malignant (all adenocarcinomas) polypoid gallbladder lesions, Irie et al. (24) reported In our experience, GBCA consistently appears hyperintense on DWI (Figs. 1 and 2), with corresponding low signal on ADC maps. However, a significant proportion of inflammatory wall thickening may also exhibit similar findings (Figs. 3 and 4) . Hence, DWI findings have to be interpreted in the light of other findings on the morphological sequences (25) .
Patterns of spread
Early spread of GBCA can be attributed to the absence of a submucosal layer in the gallbladder wall. Local spread occurs readily along the hepatoduodenal ligament and para-aortic region by direct invasion, nodal, vascular, and perineural modes. Direct liver invasion and portal tract invasion are the main modes of hepatic spread from resectable GBCA (26) . Kondo et al. (27) classified the modes of tumor spread in GBCA into six distinct patterns: (1) hepatic hilum type (tumor in the neck infiltrating the hepatic hilum); (2) hepatic bed type (tumor penetrates the liver with or without contiguous spread to the gastrointestinal tract); (3) bed and hilum type (huge mass involving both the gallbladder bed and the hepatic hilum); (4) lymph node type (enlarged (Fig. 2) ; (5) cystic duct type (small mass arising from the cystic duct) (Fig. 6) ; and (6) localized type tumor localized to the gallbladder) (27) . Note that involvement of intercaval nodes is classified as M1 disease (28) .
Using an "all-in-one" MRI protocol, including MRCP and magnetic resonance angiography, the sensitivity and specificity of MRI examination were 100% and 89% for bile duct invasion, 100% and 87% for vascular invasion, 67% and 89% for hepatic invasion, and 56% and 89% for lymph node metastasis, respectively (29). Kaza et al. (30) showed that the sensitivity and specificity of using multiphasic MRI with MRCP in detecting hepatic invasion, lymph node metastasis and bile duct invasion was 87.5% and 86%, 60% and 90%, and 80% and 100%, respectively. Gadolinium-enhanced fat-suppressed T1-weighted images are most useful in diagnosing tumor extent, direct invasion of surrounding organs, liver metastases, and involvement of critical vascular structures such as the portal vein and hepatic artery (10) . Overdiagnosis of duodenal invasion is usually related to the loss of fat plane due to respiratory motion artifacts, partial volume effects and paucity of fat.
The additional value of DWI in assessing disease extent in GBCA has not been extensively studied. However, DWI has been shown to be highly accurate in detecting liver metastases from various primary malignancies (31) (32) (33) . DWI is also highly sensitive in nodal detection although poorly specific in diagnosing malignant nodes. In our experience, DWI is particular useful in detecting nodes around the liver hilum that can be elusive on morphological sequences.
Conclusion
GBCA is a lethal cancer typically diagnosed incidentally for routine cholecystectomy or by imaging. Widespread use of MRI for abdominal conditions makes it necessary for radiologists to be familiar with the strengths and limitations of this modality for GBCA diagnosis. We have also reviewed the pertinent MRI features of this condition that are useful in clinical practice. 
